
How does a particle move in chemical kinetics? 

Victor V.Vedenyapin. 

Keldysh Institute of Applied Mathematics, Moscow, Russia, 125047, Miusskaya pl., 4. 
 

Abstract.. We give a model of moving a big particle in chemical reactions. Direct and indirect photophoresis are 
explained on the basis of reactive forces.  
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 The case of a big particle, moving in chemically reacting gas, was considered. It was called chemojet motion and 
was found experimentally by chemists from Chemical faculty of Moscow State University [9]. A model of a 
chemical reaction on the surface of a body was created and a system of equations of motion was written and 
investigated [10-11]. We got an ideal cylindrical spiral trajectory in asymptotic when time tends to infinity. This 
justified qualitatively the result of experiment of European Cosmic Agency and of a group of scientists from of 
Moscow State University. A step and a diameter of those cylindrical spirals were calculated in exact form. Also it 
gives the theory of positive and negative photophoresis  and explains old experimental results , which` were a 
subject of discussions for a long time. Consideration of photophoresis as an example of chemojet motion was 
proposed in [5-7]. 
   The term photophoresis was proposed by Felix Ehrenhaft [1]. In his experiments dust, silver and copper particles 
in gases irradiated by light “strongly exhibited a tremendous lightnegative movement, although they ought to be 
most heated on the side toward the light, and would expect a movement away from the light” ([2]). 
    Movement towards light was called lightpositive or positive or direct photophoresis and away from it 
lightnegative or negative  or indirect photophoresis.  
     “During the course of the experiment, the motion of the particle traced out a “spiral” path. However upon 
magnification of a given section of a given spiral, one saw a “spiral” path within the path of the larger spiral…  In 
viewing these microphotographs, one had the distinct impression that something phenomenal was happening, but no 
definitive explanation for the observation was presented” [2]. 
      Theory of photophoresis usually was considered in the framework of P.N.Lebedev irradiation pressure and heat 
effects. For a review see [3]. “A unilateral aerosol particle is affected by a photophoretic force and a radiation 
pressure force. The former is of a radiometric nature and is a result of gas molecules interacting with the non-
uniformly heated particle surface” (this is the beginning of the paper [3]). “Depending upon the size and optical 
properties of material of a particle both irradiated and shadowed side of a particle can become more heated. That is 
why both negative and positive photophoresis could take place.” [4].   
         Our explanation is based on reactive forces. A particle evaporates molecules on irradiated side – this is the 
cause of positive photophoresis. This explanation is accepted in comet astronomy from 1950-is, when American 
astrophysicist F. Wipple suggested reactive forces connected with sublimation of comets. This idea was considered 
in [5-7]. Paper [8] can be direct experimental justification of this idea. 
        Negative photophoresis is considered on the basis of counter-reactive (or anti- reactive) forces.  The light 
makes molecules to adhere: the force of momentum of adhered molecules is twice less than of elastically reflected 
ones. That is why additional pressure towards the source of light appears [5-7]. This is a simple explanation of 
negative photophoresis. 
       This movement have to be considered in the framework of more general class of movements – hemojet ones. It 
was discovered that big particles moves at any physical-chemical process [9] – the motion was called hemojet. 
Mathematical model of that motion was created in [10-11]. This model considered not only forces but torques as 
well: that is why instead of Newton second law we considered Euler equation for solids. Exact solution of the 



equation showed spiral trajectories [10]. In [10] we constructed the model and got spiral paths for simplest case of 
spherical particles, and in [11] more general case of any convex particle was considered. 
       So we got a simple explanation both of negative photophoresis and Ehrenhaft spiral paths independently and in 
more general situation. This is strongly justifies our general mathematical model [10 – 11]. On the other hand it 
gives explanation of mysterious Ehrenhaft helixes [1-2]. 
        Ehrenhaft himself tried to explain it by introducing charges smaller than Electrons and/or by Dirac magnetic 
Monopoles. Dirac, Einstien and others denied both versions, but the experiments were not explained even roughly. 
Dirac objection was – magnetic charges can be obtained experimentally (if they exist) only for much higher 
energies. We see now that Ehrenhaft examined if not so fundamental appearance, but more close to reality, more 
often and much more useful for technical applications: it was an example of a spiral path of big (1/100 – 1/10000000 
meters) particle in any physical or chemical process. 
       In [2] we have the following eloquent passage “Also curious is the fact that the winding shapes of some of this 
spirals in the microphotographs reminded me of the shapes described by Nicola Tesla with respect to Plate 48  in 
which Tesla wrote: “One of the streamers is wonderfully interesting on account of the curiously twisted and curve 
appearance. It is hard to conceive how a discharge can pass through the air in this way when there exists a strong 
tendency to make it take the shortest route”.” The key word here is “discharges” as there is no any model for twisted 
discharges. It seems also that spirals from [10] explains strange forms of Northern Lights. 
 

1. Model and a system of equations. 
 
 Here we follow [10]. 
A model can be described as follows. A particle is considered as a ball, which is determined by coordinates` of 

center of mass R, momentum Q, angular momentum K, and the unit vector S directed from a center of mass to the 
center of active zone (pic.1).  

 
 

 
pic 1. A particle is considered as a ball, which is determined by coordinates` of center of mass R, momentum Q, 

angular momentum K, and the unit vector S directed from a center of mass to the center of active zone. 
A molecule has a momentum p and space coordinate r. 

 
 

 The forces that act on a particle are determined by collisions and a frequency of collisions has the usual in 
Kinetic theory expression:  
   ( , ) (( , )) ( , ) .d u n u n f r p drΩ = σ⋅ ⋅θ ⋅ ⋅ ⋅dp
Here σ=σ(R,Q,r,p) – is a crossection of collisions {R,Q,S,K}+{r,p}→…, that for rigid spheres have the form 

 σ=σ(R,Q,r,p)=δ(⏐r−R⏐−ρ),  

1,   0,
( )

0,   0.
x

x
x
>⎧

θ = ⎨ ≤⎩
, ( )xδ  is a Dirac δ-function , p Qu

m M
= −   is a relative velocity of a molecule and a ball, ρ is a 

radius of a particle, n − is a unit vector orthogonal to a surface at the point r=R−ρn (pic.2), f(r,p) is a distribution 
function of molecules over momentum p and space r . 



 

Pic.2. A picture of a collision. 
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We assume that some molecules are elastically reflected from the surface of the particle, and some of them 
adheres (the adherence here models chemical interaction). 
 

  
We assume that the fraction of adhering particles at a point of the ball with the internal normal n is   β=β(n),

 and we put
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A system of equation can be written in the form 
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The first equation is the definition of a velocity; the second is Newton law with two terms. The first one is 
connected with inelastic collisions and has the form 
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The second is determined by elastic collisions 
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The third equation describes changing of a moment 
dt
dK

 and connected only with inelastic collisions (in the 

case of a ball): 
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Here  
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=μ  — is the reduced mass, ρ is the radius of the ball particle, u is the relative velocity, θ is a 

Heaviside function.  



 
2. System of equation in Maxwell equilibrium for small velocities of a particle. 
 
We take distribution function as Maxwellian. 
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Assume that the ratio of the particle velocity and the mean square velocity of gas molecules is small.  
 Then we get the following expressions for integrals (12-14) 
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molecule and a particle. 
 Let consider β symmetric with respect to rotations around S: that means that β is a function of only one 
variable 

 β=β((n,S)). (15) 

Then this system gets the following form. 
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Here one has by integrating  with Maxwellian and taking in mind (15): 
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Now we shall assume that the rotation is almost constant. Then we get the following system 
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Integration of this system shows that the trajectory R(t) tends to cylindrical spiral with a constant step L and 
diameter D: 
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The case of general form of a particle was considered by Batisheva [11]. 
 
   The mechanism of positive and negative photophoresis has to be explained through photoeffect (photoelectric 

emission). If emission of electron makes photo-sublimation (photodisintegration) we have positive photophoresis. 
And if it gives photo-adsorption one has negative photophoresis [7]. In both cases photoeffect can be internal 
(without emission) or external: internal is perhaps more appropriate for explanation of photophoresis. 

 
3.Applications.  
 
Chemojet motion is widely spread as we have it for any big particle, chemically or physically reacted with gas. . 
So it must have a tremendous number of applications. 
Direct and indirect photophoresia have several applications.  
It was already discussed for comet astronomy and for possible explanation of forms of Northern Light. A number 

of applications are considered for planet astronomy in paper of G. Wurm and O. Krauss. [8]. There we also read 
“One might think of creating an artificial surface with much stronger, optimized photophoretic forces. In analogy to 
solar sails based on radiation pressure solar sails based on photophoresis could be much stronger. These could, e.g., 
be used for propulsion of small probes on Mars or in Earth’s stratosphere.” The idea was independently discussed in 
[7] in the following words. “Photo-reactive engine. On the basis of direct photophoresis a scheme of photo-reactive 
engine can be proposed. A layer of substance, sublimating under photons, covers a surface of a rocket or some part 
of it appearing in proper moment. Now they try to construct solar sails and to use irradiation pressure. Reactive 
forces can help, as they are much stronger. If to use not only photons but other components of solar wind such an 
engine can be called Solar-reactive.”  It is interesting that in [8] and [7] (and here we follow [5-7]) explanations of 
direct photophoresis are different. G.Wurm and O Krauss use thermophoresis and solid state Greenhouse effect. So 
both views from [7] and [8] give complementary pictures. Another application that was discussed in [7] is 
acceleration of particles by laser beams. 

Both indirect and direct photophoresis can be applied for dusty plasma, for Northern lights. 
Now it is clear that Felix Ehrenhaft spiral paths and so both positive and negative photophoresia have their 

explanation in the framework of chemojet motion: former as a consequence of reactive forces and the latter of 
counter-reactive ones. On the other hand Ehrenhaft spiral paths strongly support all mathematical theory of motion 
of any big particle in reacting gas (hemojet motion), constructed in papers [9-11].  

It is interesting to explain “spiral” path within the path of the larger spiral” – this perhaps could be done by more 
detailed model.  

 



ACKNOWLEDGMENTS 

 
 The author is acknowledged to RFBR-grant № 05-01-00642 and a program 3.5 of Mathematical department of 

RAS. 

REFERENCES 

[1] F.Ehrehaft, Ann.Phys. (Leipzig) 56, 81 (1918). 
[2] Photophoresis phenomenon. Archive message from “Physics Forum”. Posted     by Alan Marshall on November 
11 (2001). 
[3] V.Chernyak, S.Beresnev, J.Aerosol Sci. 24, 7 (1993). 
[4] Yu.I.Yalamov, A.S.Hasanov, Jour. Tech. Phys. 68, 4 (1998). 
[5] Vedenyapin V.V., Proceedings of Moscow State Region University, 7, 23-30, (2005). 
[6] Vedenyapin V.V.  Proc.6-th international conference on Single Crystal (ICSC, Obninsk – 2005). (2005). 
[7] Vedenyapin V.V., Mathematical Modelling, 18, 8 (2006).  
[8]  G.Wurm, O.Crauss, Phys. Rev. Lett., 96, 134301 (2006). 
[9] Melihov I.V., Vedernikov A.A., Simonov E.F. Berdonosov S.S., Dokl.Acad.Nauk 346,197 (1996). 
[10]. Vedenyapin V.V., Batysheva Y.G., Melihov I.V. and Gorbatchevski A.Ya. Doclady Physics,.48, 10 (2003).= 

Doklady Akademii Nauk,, 392,  6,  (2003). 
[11]. J.G.Batisheva. Doklady Physics, 48, 10, (2003). = Doklady Akademii Nauk, 392,5,(2003). 
 
 


	Title page
	Using CD
	Copyright
	CONTENTS
	Preface
	Local Organizing Committee, Acknowledgment of Support and Sponsorship, Session Chairmen and Paper Reviewers
	International Advisory Committee and Symposia Locations
	GENERAL INVITED LECTURES
	Boltzmann Equation and Hydrodynamics Beyond the Navier-Stokes Level (Harold Grad Lecture)
	Dusty Plasma in the Earth and in Space: Experiments (Lloyd Thomas Lecture)
	Kinetic Theory in Vehicular Traffic Flow Modeling (Special Invited Lecture)

	CHAPTER 1 Kinetic and transport theory 
	Kinetic Theory of Nanoparticles Transport and Relaxation Processes in Gases and Liquids
	Generalized Stefan-Maxwell Diffusion Equations for Multicomponent Mixtures of Polyatomic Gases
	Rarefaction Effect on Heterogeneous Reaction Rate. Temperature Jump on a Porous Surface
	Kinetic Description of Classical Matter Infalling in Black Holes
	On Generalized Non-Equilibrium Thermodynamics of Rarefied Gas
	Description of Transport Processes in Intensive Parameters
	Generalized Boltzmann Physical Kinetics: Theory, Main Results and Problems
	On the First Order Chemical Reaction Rates in Non-Equilibrium Gas Flows
	Couette Flow Solution for Regularized 13 Moment Equations
	About Nanoparticle Friction Force in Gases and Liquids
	Non-Classical Diffusion in Dense Gases and Liquids
	Boundary Conditions for Strongly Perturbed Rarefied Gas

	CHAPTER 2 Boltzmann and related equations 
	Macroscopic Models for Non-EquilibriumFlows of Monatomic Gas and Normal Solutions
	Grad’s Thirteen Moment Method for a Heterogeneous Dispersed Medium
	New Forms of the Boltzmann Collision Integral
	Stable Equations to Second Order in the Knudsen Number for the Fluid Dynamics Variables
	A Simple Model Kinetic Equation for Inelastic Maxwell Particles
	Several Properties of the Matrix Elements of the Collision Integral of the Boltzmann Equation
	The Boltzmann Equation for a Gas with Rotational Degrees of Freedom on the Basis of a Statistical Model
	Dissociation and Recombination of a Diatomic Gas in a Background Medium
	Regularized 13-Moment-Equations
	Weak Shock Wave Solutions for the Discrete Boltzmann Equation
	Dual Variational Principles of the Linear Boltzmann Equation
	On the Uniqueness of Continuous Inverse Kinetic Theory for Incompressible Fluids
	Strong Breakdown of Equipartition in Uniform Granular Mixtures
	On the Existence of a Shock Wave Solution for the Boltmann Equation with a Modified Collision Term
	Simulation of Shock Wave Structure in Nitrogen with Realistic Rotational Spectrum and Molecular Interaction Potential
	General Methods of the Construction of Discrete Kinetic Models with Given Conservation Laws

	CHAPTER 3 Numerical solutions of kinetic equations 
	Lattice Boltzmann Method – Current Status and Prospects for Computing Compressible Flows at Moderate Knudsen Numbers
	Arbitrary Post-Collision Velocities in a Discrete Velocity Scheme for the Boltzmann Equation
	On the Treatment of Strong Evaporation and Condensation Flows of a Vapor at the Fluid Dynamic Level – Fluid Dynamic Formulation for Phase Change Problems
	True Direction Equilibrium Flux Method Applications on Rectangular 2D Meshes
	Unified Solver for Rarefied and Continuum Flows in Multi-Component Gas Mixtures
	Analytical and Numerical Normal Solutions of the Boltzmann Equation for Highly Nonequilibrium Fourier and Couette Flows
	Numerical Study of the Spiral Cylindrical Couette Flow of Rarefied Gas
	Multi-Processor Statistical Simulation of Forming a Detonation Wave in the Shock Tube for Cases of Different Thresholds of a Reaction
	A Numerical Scheme for the Boltzmann Equation
	Numerical Study of Transverse Supersonic Flow of Monatomic and Diatomic Gases Past a Plate
	On the Existence of the Negative Mass Flows in Evaporation and Condensation Problems – Effects of the Finite Thermal Conductivities of the Condensed Phases
	Numerical Investigation on Models of the Boltzmann Equation for Gas Mixtures
	The Tang-Toennies Potentials for the Boltzmann Collision Integrals
	Divergent And Stochastic Combined Forms Of The Boltzmann's Collision Integral In Numerical Simulation
	Numerical Modeling of the Unsteady Vapor Outflow from a Flat Surface Using Direct Numerical Solution of the Boltzmann Equation
	A Method of Joint Solution of the Boltzmann and Navier-Stokes Equations with Application to the Problems of Gas Flows over Plane Plates
	Computation of Decaying Isotropic Compressible Turbulence
	Solving of the Boltzmann Equation in Some Problems with Moving Interface Surface
	Heat Transfer in a Gas Mixture
	Parallel Implementation of the Unified Flow Solver

	CHAPTER 4 DSMC and related simulations 
	Time Relaxed Monte Carlo Methods for the Boltzmann Equation: an Overview
	Sophisticated Versus Simple DSMC
	Parallel Hybrid Method for Subsonic Flows
	Detecting Equilibrium Cells in DSMC to Improve the Computational Efficiency
	Applying the Macroscopic Chemistry Method to Dissociating Oxygen
	Streamline Extrapolation Technique for Subsonic Outflow Boundary Conditions in DSMC Simulations
	New Model for Statistical Simulation of High-Temperature Nonequilibrium Dissociation
	Reconsideration of the Majorant Collisional Frequency Schemes for the DSMC Method
	Statistical Errors of DSMC Results for Rarefied Gas Flows
	Use of Independent Ensemble Averaging for DSMC Solutions in Unsteady Flow
	DSMC Estimate of the Ionic Wind Effect on a Supersonic Low-Density Flow
	On the Stability of the Vertically Stratified State of a Vapor–Gas Mixture between Two Parallel Condensed Phases
	DSMC Simulations of Shock Interaction with Shock-Scale Harmonic Fluctuations
	Progresses in Monte Carlo Simulation of Light Scattering Spectra in Atomic Gases
	Numerical Determination of Reaction Coefficient of Nitrogen Atoms with Solid Carbon by Using DSMC Method
	Numerical Analysis of the Cylindrical Couette Flow of a Vapor-Gas Mixture
	Simulations of Reactor Efficiency for Pulsed Pressure Chemical Vapor Deposition (PP-CVD)
	DSMC Simulation of Pressure-Driven Flows and Heat Transfer in Microfilters
	Statistical Modeling of Interactions between Gas Molecules and Pulsed Optical Lattices
	Object-Oriented Software Design for the Three-Dimensional Direct Simulation Monte Carlo Method
	On Evolution of Vortical System in Rarefied Gas Flow
	A New Decoupled Rotational Energy Exchange Scheme for DSMC Calculations
	Rotational Collision Number and Rotationally Inelastic Cross-Section in Monte Carlo Simulations
	A DSMC Method for the Landau-Fokker-Planck Equation
	Construction of Optimal Parameters for the Test Particle Monte Carlo Method
	Application of Parametric Correction for Improving of DSMC Method Results
	Simulation of Rarefied Gas Flows by Improved TRMC Method
	Time Relaxed Monte Carlo Methods Based on Sampling from McKean Graphs
	DSMC Computations of a Rarefied Gas Interacting with Light
	DSMC Method as Applied to Investigation of Slip Flow of Plasma-Rise Gas in Hollow Cathode
	Quantifying the Effects of Rarefaction in High Velocity, Slip-Flow Regime
	Interpretation of Impact and Static Pressure Measurements in Non-Equilibrium Supersonic Flow by the DSMC Method
	Efficient Parallelization of the DSMC Method
	SMILE System for 2D/3D DSMC Computations

	CHAPTER 5 Experimental procedures in RGD
	Photonic Analyses of High Knudsen Number Flows
	Experimental Studies On Impingement Pressure
	On-Orbit Experiments On Pressure Change Research In Ambient Space Vehicle Environment
	Mass Flow Rate and Tangential Momentum Accommodation Coefficient from Experiments in a Single Micro Tube
	On-Orbit Quartz Crystal Microbalance Measurements of Molecular Deposition on Russian and U.S. Space Stations
	Development of Pressure Sensitive Molecular Film as a Measurement Technique for High Knudsen Number Conditions
	Discharge Coefficients and On-Axis Flow Properties in Small Sonic Orifices at Low Reynolds Numbers
	Zinc Deposition Experiments for Validation of DSMC Calculations of Internal Flows
	Modeling of Processes of External Contamination of International Space Station by Jets of Orientation Thrusters
	Modification of a Rarefied Supersonic Flow over a Flat Plate Using an Electrical Discharge
	Structure and Gas Parameters of Plume Expiring in Vacuum from Four Nozzles, Located Around of the Space Vehicle Case

	CHAPTER 6 Clusters and aerosolos 
	Kinetic Multiscale Modeling and Simulation of Cluster Formation Processes in Free Gas Expansions Using DSMC
	Condensation and Temperature Forces Between Aerosol Particles
	Quasi-Chemical Cluster Model Approach To Gas Precondensation Stage
	On the Motion of Nonsymmetrical Particles with Nonuniform Active Surface in Rarefied Gas
	The Direct Simulation Monte Carlo Of Cluster Formation Processes In Laser Plume

	CHAPTER 7 Gas-surface interaction 
	Gas Jet Deposition of Teflon-Like Films and Ultra-Dispersed Particles
	Surface Structure Degradation of Si-Based Materials Exposed to Dissociated Air and Nitrogen Flows
	Theoretical Dynamics Study of Atomic Oxygen over β-Cristobalite (100)
	Measurements of Thermal Accommodation Coefficients
	Experimental Research of Reflected Flux at Interaction of High-Velocity Free Molecular Beam with Solid Surfaces
	Molecular Dynamics Study of Xe-Graphite (0001) Surface Scattering
	Monte Carlo Simulation of Heterogeneous Catalytic Processes on Heat Shield Coatings of Space Vehicles
	Surface Roughness Effects in Low Reynolds Number Channel Flows
	Wall Temperature Jump in Polyatomic Gas Flows
	Rarefied Gas Atoms Reflection on Rough Surfaces
	Plasma Surface Interaction: Thin Film Formation
	Quasiclassical Approximation for Rotational and Vibrational Transition Probabilities in Gas-Surface Scattering
	Investigation of Heterogeneous Atoms Recombination by Molecular Dynamics Method
	Application of Nocilla Model for Plume Impingement Analysis
	The Normal Momentum Accommodation Effect on Thin Plate Oscillations in a Rarefied Gas

	CHAPTER 8 Space vehicles aerodynamics
	Measurements for Validating DSMC and Navier Stokes Computations of Chemically Reacting Hypervelocity Flows
	Blunt Body Aerodynamics for Hypersonic Low Density Flows
	Scaling Parameters for Hypersonic Flow: Correlation of Sphere Drag Data
	Numerical Study of Hypersonic Rarefied Gas Flows About a Toroidal Ballute
	Numerical Modelling of the Magnus Force and the Aerodynamic Torque on a Spinning Sphere in Transitional Flow
	Numerical Simulation of Rarefied Gas Flows about a Rotating Cylinder
	Cassini-Huygens Aerodynamics with Comparison to Flight
	Application of Modified DSMC Algorithm to Inviscid Flow Calculation
	High-Altitude Aerodynamics of the Clipper Spacecraft

	CHAPTER 9 Inrenal flows, jets, and plumes 
	Problems of Gas-Dynamical and Contaminating Effect of Exhaust Plumes of Orientation Thrusters on Space Vehicles and Space Stations
	Instability of the Plane Poiseuille Flow for Longitudinal Vortical Disturbances by the Ghost Effect of Infinitesimal Curvature
	On the Taylor-Couette Problem in the Continuum Limit
	Effect of Vibrational Energy on Dynamics of Pulsed Vapor Cloud Expansion
	Hybrid Navier-Stokes/DSMC Gas Flow Simulations in Very Low Pressure Thin Film Deposition
	Simple Rarefied Gas Flows in Porous Regions
	Effect of Carrier Gas Nature on Collision-Induced Dissociation of Large Molecular Ions in Mass-Selective Detector with Atmospheric Pressure Chemical Ionization
	Experimental Studies On Heat Transfer To Bodies In Hypersonic Rarefied Gas Flows
	Transient Plume Impingement Analysis For Formation Flying Spacecraft
	Simulation of Nozzle Plume Droplet Flow in Transitional Regime
	Modeling of Gaseous Expansion in Free Jet and Microchannel Flows Using the Modified Moment Method
	Self-Similar Interpolation in Rarefied Gas Dynamics
	Low Density Jet Impingement - Measurement of Heat Transfer
	Modelling of Pulsed Laser Ablation of a Solid Target in a Vacuum in the Explosive Boiling Model
	Light-Induced Heat and Mass Transfer of Rarefied Gas in a Capillary
	Peculiarities of Gas Ejection Into Vacuum From a Nozzle with Near-Wall Liquid Film
	Viscosity Effects on Prandtl–Meyer Expansion

	CHAPTER 10 Reaction and relaxation processes 
	Radiation Heat Transfer Models for Re-Entry Aerothermodynamics
	State-Specific Vibrational Relaxation and Thermal Dissociation in Nonequilibrium Hypersonic Flows
	O+HCl Cross Sections and Reaction Probabilities in DSMC
	A Molecular Kinetic Model of Reacting Gas Flows
	Advanced Models of Vibration-Dissociation Kinetics in Mixtures Containing CO2
	The Effect of the Affinity on the Equilibrium Behavior of a Reactive System
	Multiscale Analysis for Atomic Oxygen Recombination on Silica Surface
	Stochastic Models of Hot Planetary Coronae
	Multi-Temperature Kinetics and Thermodynamic Properties Behind Shock Waves in Reacting Air Components
	Multi-Temperature Kinetics and Transport Properties in CO2/N2 Mixtures
	On a Role of Multi-Level Energy Transitions in the State-to-State Vibrational-Chemical Kinetics
	A Strong Shock Wave Structure in Low Density Gas Mixture Flow Past a Cylinder
	On the Influence of Vibrational Distributions on Dissociation Rates

	CHAPTER 11 Plasma flows and processing 
	Modeling of Multi-Time Scale Particles in Rarefed Gas and Plasma
	Time-Dependent Processes in Diodes with Rarefied Plasma
	“Anomalous” Shock Structure In Weakly Ionized Gas Under Strong Thermal Nonequilibrium
	Non-Linear Gyrokinetic Theory of Magnetoplasmas
	Electron-Beam Activation of Rarefied Gases
	Distribution Function and Transport Properties of the Ions Moving in a Neutral Gas under External Electric Field
	Low Pressure Deposition in a High Density Plasma CVD Reactor
	Simulation of Low Pressure Plasma Processing Reactors: Kinetics of Electrons and Neutrals
	Laser Deflection Diagnostics Of Shock Wave Interacting with Ar and N2 DC Discharge
	Superabundant-Variable Approach to Gyrokinetic Theory
	Gas – Surface Interaction in Hollow Cathode Glow Discharge
	Nonlinear Debye Screening in Strongly-Coupled Plasmas
	Direct Simulation Monte Carlo Study of Neutral Temperature, Density, and Pressure in an Inductively Coupled Plasma
	The Role of Secondary Electrons and Metastable Atoms in Electron-Beam Activation of Argon-Silane Mixtures

	CHAPTER 12 Micro/nano scale flows and devices 
	Numerical Simulation of a Knudsen Pump Using the Effect of Curvature of the Channel
	Low Speed Nano/Micro/Meso-Scale Rarefied Flows Driven by Temperature and Pressure Gradients
	Generalized Reynolds Equation Based on the Ellipsoidal Statistical Model
	Numerical Error Analysis for Deterministic Kinetic Solutions of Low-Speed Flows
	Thermal Creep Continuum Modeling
	Thermal Creep of a Slightly Rarefied Gas through a Channel with Curved Boundary
	On the Dependence of Rarefied Gas Flow Stability in Channels on Interaction Parameters
	Drag of Nano-Particles in the Transitional Flow Regime
	Simulations of Low Speed Flows with Unified Flow Solver
	Monte Carlo Simulation of Rotation of a Laser Opto-Microactuator
	Gas Flow around a Longitudinally Oscillating Plate at Arbitrary Ratio of Collision Frequency to Oscillation Frequency
	The Critical Accommodation Coefficient for Velocity Inversion in Rarefied Cylindrical Couette Flow in the Slip and Near Free-Molecular Regimes
	Gas Mixture Separation in Nanosize Capillaries. Effects of Surface Forces
	Gas Separation Effect of the Pump Driven by the Thermal Edge Flow
	Knudsen Effect and a Unified Formula for Mass Flow-Rate in Microchannels
	Parallel DSMC Application for the Analysis of Argon Gas Flow in a T-Shaped Micro Manifold
	Evaporation-Condensation Problem in Vapour-Gas Mixtures
	Two-Dimensional Slip-Velocity Gaseous Flow Past a Confined Square in a Microchannel

	CHAPTER 13 RGD in astrophisics and aeronomy 
	Free Molecular Simulations of Vapor Dynamics Following a Lunar Impact
	Plasma Kinetics Issues in the ESA ‘Plasma Laboratory in Space’ Study
	3D Numerical Modelling of a Rarefied Gas Flow in the Nearby Atmosphere around a Rotating Cometary Nucleus

	CHAPTER 14 Molecular dynamics simulations
	Why Does Expansion Shock Wave Not Exist in Nature?
	The Molecular Dynamics Calculation of the Self-Diffusion Coefficient
	Hybrid Molecular Dynamics-Monte Carlo Method for Heat and Flow Analysis in Micro/Nano-Channels
	Molecular Dynamics Simulation of Evaporation of a Two-Component Liquid

	CHAPTER 15 Vacuum gas dynamics
	The Integro-Moment Method Applied to Two-Dimensional Rarefied Gas Flows
	First Tritium Pumping Results by a Cryopump with a Precondensed Argon Layer
	Analysis of Free Molecular Flow in a 3-D Turbo Molecular Pump with Non-Parallel Blades
	Silicon Wafer Cooling by Low Pressure Helium Gas in Vacuum Environment

	CHAPTER 16 Molecular beams and collisions (Special Session)
	A Quasi Quantum Treatment of Inelastic Molecular Collisions
	Neutral Molecular Beam Formation or Deceleration Induced by Optical Lattices
	Laser Sustained Plasma Free Jet for the Generation of Fast Atom Beam of Interest in the Simulation of Low Earth Orbit Environment
	A Helium Cluster Beam Source for Cluster Isolated Chemical Reaction Studies
	Gas Dynamics of the Linear Plasma Generator Magnum-PSI
	Expansion Characteristics and Invasion in Hot Rarefied Expanding Plasma Flows
	Development of Shock Heated Molecular Beam: Modification of Shock Tube Valve
	A Mass and Time-of-Flight Spectroscopy Study of the Formation of Clusters in Free-Jet Expansions of Normal-D2
	Asymptotical Analysis of Translational Nonequilibrium in the Hypersonic Flow Near the Flat Plate with the Sharp Leading Edge
	Molecular Beam Study on Oxidation of Si(100) Surface with Ozone
	How Does a Particle Move in Chemical Kinetics?

	APPENDIX (on CD-ROM only!)
	Analytical Solutions of Continuum Equations in Hypersonic Transitional Flow Over Blunt Bodies
	Numerical Modeling of Gaseous Expansion from Micro and Nano Nozzles
	Drag and Heat Transfer Coefficients in Free Molecular Flows
	Stability of Rarefied Gas Flow in a Channel for Ray-Diffuse Scattering Function
	A Study on the Pumping Performance of a Molecular Drag Pump in the Rarefied Gas Flow
	Simulation of an Evaporation of a Monatomic Condensed Phase into a Vacuum by a Monte Carlo Method
	Influence of the Dispersion on the Boltzmann Equation for Nonhomogeneous Case
	Fluid Dynamics at Arbitrary Knudsen on a Base of Alexeev-Boltzmann Equation: Sound in a Rarefied Gas
	Boltzmann Kinetics and Mathematical Modeling in Nanotechnology


	Search
	Exit



